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ABSTRACT

The occupants of the survival shelter will experience several stressors
not found in conventional living environments. This report contains an ]
annotated bibliography of the research on the effects upon behavior of
the stressors of temperature, crowding, sleep disturbances, panic, stress,
and anxiety. In several searches of the literature a total of 900 articles
were identified; from these 113 were selected as being critical to under-
standing the human response in the survival shelter environment. These
together with 36 studies on fallout shelters are reviewed.

In addition, a survey was conuucted which identified 93 problem areas for
the survival shelter occupant. These fell equally into three main categories:

survival shelter, personal, and enviromment. :
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Section I

INTRODUCTION

Background and Approach

With the increased concern over nuclear warfare, a renewed effort
is being directed towards the study of behavior in the survival shelter

environment. One of these behaviors involves decision making. In Octo-

ber 1981, The Institute for Envirommental Research at Kansas State Univer-

sity entered into aproposed 5 year effort with the Federal Emergency Management
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Agency; the title of the contract was "Decision Making Under High Thermal

Stress." The work on this effort is planned to progress through several
stages. In the first stage, a search was made of the relevant 1it-
erature. The second stage involved the development of tasks that measured
the decision making process. This jig to be followed by tests in simulated
survival shelter environments. Finally, strategies will be developed to
assist in decision making when this behavior -suffered a decrement in
accuracy and speed. These strategies then will be incorporated into a

manual. Subsequently, the effectiveness of decision-making training will

be determined.

At the outset, the initial planning conference on the study emphasized

the fact that the thermal censtituent of the enviromment did not represent the

survival shelter in its entirety. As a result we expanded our goal to in-
clude the stressors of temperature, crowding, air quality, food and water
restriction, reduced illumination, and electrical power and sleep disturb-
ances; in particular, the effects of these stressors will be intensified
when the occupants are under severe emotional stress. Other human factors

problems which were identified involved the selection and training of

shelter leaders, the gquality of the leadership itself, work schedules and
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procedures, the allocation of resources, the monitoring of conditions out-
side the shelter enviromment, safety and health, equipment maintenance,
problems of communication, shelter management and decision making. This

report represents the results of the literature search.

Decision Making

To handle the decision making aspects, four experts in the field
served as either co-investigators or consultants. They were Dr. Kenneth
Hammond, University of Colorado; Dr. Leon Rappoport, KSU; Dr. James
Shanteau, KSU; and Dr. Paul Slovic, Decision Research - Eugene, Oregon.
In the wain, they identified 16 components of the decision making task.
They were:

1. Basic Cognitive Tasks
a. Reaction Time (1)
b.  Signal Detection (2)
¢.  Memory
1. Short-term Memory: Digit Span (3)
2. Long~term Memory: Recognition Task (4)
Learning (5)
Language Processes (Reading Task) (6)
Problem Solving (7)
Judgment and Decision Making
a. Information Aquisition
1. Internal Search (8)
2. External Search (9)
b. Diagnosis
1. Multiple~Cue Probability Task (10)
2. Probability Estimation and Evaluation (11)
c. Probability Estimation and Evaluation
1. Estimation (12)
2. Calibration (13)
d. Risk Preference and Evaluation (14)
e. Cue Utilization (15)
f. Choice Elicitation (16)

WwW s W

Since there is no single instrument to measure decision making skills,
tasks to measure these 16 components have either been identified or are
being developed. When this is completed, the components will be combined

into a single test battery. Appropriate statistical procedures, sub-test
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intercorrelations, measures of internal consistency, validity and relia-
ability coefficients and partial regression coefficients will be computed
for the battery. When this is completed, it will be used in the survival
shelter simulation phase. This will be completed by the end of the second

year of the project.

Corollary Efforts

The Personal Ventilating Kit (PVK) consists of a bicycle-type device
which when pedaled by an individual may be used to ventilate a survival
shelter. The PVK was developed before the commercial development of the
nickel-cadmium re-chargeable dry cell battery which is so common-place
today. As a result, we are developing a device which can be incorporated
into the PVK unit that will charge nickel-cadmium batteries at the same
time as the shelter is being ventilated.

A second corollary program is also planned. At present, 10 square
feet per person is being alloted to each shelter occupant. This area
is fixed, regardless of the number of occupants involved. Current research,
however, has addressed the question of subject density (number of individuals
per unit of space) as opposed to social density (the number of people in
the group in question). In terms of the survival shelter the question that
is generated is "does 10 sq. ft. per person for 20 people represent the
same amount of crowding as 10 sq. ft. per person when 200 people are involved?"
Beyond the intuitive "no" answer to this question, other problems may
surface. These involve performance, group pressures, leadership and
attitude. In the corollary effort, social density and spatial density

will be addressed as stressors that may affect decision making.
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Literature Survey

This report presents the results of the literature search; its pur-
pose was to determine the current state of the art concerning the human
factors aspects of the survival shelter. This report consists of con-
densation of the relevant research on this problem. Initially, previous
shelter studies were revieﬁed. Then the literature on the stressors in

non-shelter environments was reviewed.

Review of the Shelter Studies

Thirty-six studies concerning fallout shelters were reviewed. The
categories and the number of references per category are as follows:

Shelter environmental studies (11)

Subsistence and habitability studies (3)

Prototype design for shelter life support systems (2)

Shelter management studies (19)

Shelter systems studies (1)

Section II summarizes the studies in which shelters were inhabited.

Review of the Stressors

Four literature searches were made to identify jourmnal articles on
the stressors. They are summarized as follows: On 28 October 1981, a

search of Psychological Abstracts and Social Science Abstracts identified

265 articles pertaining to both decision making and one of the stressors
(heat, sleep disturbances, crowding, panic, stress, and anxiety). On 9

December 1981, a search of Psychological Abstracts identified only 3

articles pertaining to at least 2 of the 3 main stressors (crowding, heat
effects, and sleep disturbances). On 23 December 1981, a search of

Psychological Abstracts identified 419 articles pertaining to crowding.

On 30 April 1982, a search of Psychological Abstracts identified 17
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articles pertaining to illumination.

viii -

From other sources, approximately

200 additional articles were identified.

From the above 900 articles, 113 articles were reviewed in detail.

The categories and the number of references per category in the file are

as follows:

Crises (2)

Crowding (22)
Crowding/confinement (3)
Fallout shelters (5)
Heat effects (24)
Illumination (1)
Nuclear War scenario (3)
Sleep disturbances (12)
Aggression (19)

Anxiety (7)

Most of these articles are summarized in the annotated bibliography

contained in Section IILI.

Finally, a survey was conducted for the purpose of identifying the
human factors problems that are critical to the survival shelter occupant.

A total of 93 items were identified and rated accosding to importance.

This report in in Section IV,

Realm of control (3)

Fear (3)

Interpersonal relations (16)
Panic (2)

Physiological responses (3)
Personal differences (1)
Sex differences (8)

Stress (9)

Task performance (18)
Decision making (17)
Leadership (8)
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SECTION II

Review of the Shelter Studies
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SECTION 1V

Critical Human Factors Problems for the

Survival Shelter Occupant
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Critical Human Factors Problems for the

Survival Shelter Occupant

Introduction

The literature surveys that uncovered the research in the two previous
sections emphasized the many factors that needed to be considered for the
survival shelter occupant. Moreover, the factors were so diverse that there
was a need to synthesize, in a brief yet meaningful compilation, a priority
listing of the problems considered critical to shelter habitability. As a
result, a survey was conducted to identify these problems. This report
presents results of this survey.
Procedure

Four individuals who worked closely on the development of the annotated
bibliographies in Sections I and II of this report and 7 from the Federal
Emergency Management Agency in Washington listed as many factors as they
could recall that they considered critical to survival shelter habitability.
From this exercise, 93 different items were identified. Following this,
6 individuals who were involved in the present project rated the importance
of these items on a scale of 1 to 9 (1 was unimportant and 9 was very
important). The Appendix gives mean ratings for each of the 93 items.

Results and Discussion

The items were divided into three categories: environment, shelter,
and personal. A breakdown according to these categories is presented
in Table 1 for the 23 items (representing one-fourth of the items) having

mean ratings of 7 or higher.




Table 1. Critical Items for Shelter Habitability

Environment (6 items; mean rating, 7.5)
1. Radiation sensing equipment
11. Air movement/ventilation
12, Temperature
20. Humidity
21. Illumination
22. Sq. ft. per person
Shelter (11 items; mean rating, 7.6)
2. Waste and sanitation facilities
4. Medical facilities
5. Quality of leadership
6. Water amount
7. Communication equipment
8. Strength of leadership
15. Pedal Vehicle Kit (PVK)
16. Access to outside communication
17. Failure of vital instruments
18. Shelter ready for occupancy
23. Amount of leadership
Personal (6 items; mean rating, 7.5)
3. Presence or absence of family
members
9. Type of sickness
10. Overall health
13. Fear of unknown
14. Length of stay - known/unknown
18. Pre-~existing personal problems

Mean rating
(9.0)

(7.5)
(7.3)
(7.0)
(7.0)
(7.0)

(8.5)
(8.0)
(8.0)
(8.0)
(7.8)
(7.7)
(7.3)
(7.2)
(7.2)
(7.0)
(7.0)

(8.2)
(7.6)
(7.5)
(7.3)
(7.3)
(7.1)

In examining this table, note that Section II of this report specif-

ically identified research in the environmental areas of temperature,

illumination, and crowding.

In turn, leadership, which was mentioned in

three of the shelter items, was also one of the topics of the literature

survey. The personal items are addressed in the articles on stress,
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anxiety and crises. Articles on sleep and sleep disturbances also are
listed even though the two "problem items' related to sleep were rated
6.2 and 6.0 respectively, in order of importance. Note that there were
11 items related to the shelter itself but only 6 items were listed in
the personal and environmental categories. Moreover, each of these
categories shared equal importance with mean overall ratings of 7.5.

In summary, the results of this survey point out areas where planning
emphasis and research are needed. As such, it should serve as a guide for

shelter designers, shelte leaders and trainees of shelter leaders.
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APPENDIX

Mean Ratings of the Factbrs Considered

to be Critical to Shelter Occupants

Item

Radiation sensing equipment

Waste & sanitation facilities
Presence or absence of family members
Medical facilities

Quality of leadership

Water amount

Communication equipment

Strength of leadership

Tvpe of sickness

Overall health

Air movemeat/ventilation

Temperature

Fear of unknown

Length of stay, known or unknown i
Pedal Vehicle Kit (PVK)

Access to outside communications

Failure or condition of vital instruments
Fre-existing personal problems

Shelter readiness for occupancy

Humidity

Illumination

Square feet per person

Amount of leadership

COZ’ Cco, & O2
Shelter rules and how they are determined
Tools for repair of PVK

Operation of PVK

changes

Rules concerning weapons

Food amount

Number of people in group

Cubic feet per person
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6.6 Renewable vs. non-renewable light source

6.6 Fire fighting equipment

6.6 Similarity of thinking between the group & the leader

6.5 Familiarity with Civil Defense procedure

6.3 Type and quality of personal possessions

6.3 Quality of communications within the shelter

6.2 Mental & emotional maturity

6.2 Crowbar or other tools in case you have to force your way out

6.1 Drug dependencies

6.1 Smokers vs. non-smokers

6.1 Sleep deprivation

6.1 Democracy - autocracy

6.1 Availability of handbook

6.1 Rationing vs. no rationing

6.0 Length of time in which to prepare for occupancy

6.0 Sleep patterns

6.0 Water quality

6.0 Night watch

6.0 Having something to do vs. boredom

6.0 Lack of psychological support

5.8 Noise

5.6 A feeling of not being in control, having no responsibility
or authority

5.6 Frequency of problem solving, decision making tasks

5.6 Type of emergency broadcasts

5.6 Threat of fire

5.5 Food quality

5.5 Monitoring communication

5.5 Monitoring temperature & radiation sensing equipment

5.5 Assigned vs. elected leader

5.5 Simulation of 'shelter danger'

5.3 Proximity to other shelters

5.3 Lack of privacy

5.3 Cleanliness of room

5.3 Sleeping facilities (bunks, mattresses)

5.2 Cieanliness of occupants

5.1 Range of ages

5.1 ' Friends - strangers ratio

U T TR YSERREI  TCR SRR 10 RLTV Y Y- GRS -t WIS L N
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5.1
5.1
5.1
5.1
5.0
5.0
5.0
4.8
4.8
4.8
4.8
4.6
4.6
4.6
4.3
4.3
4.1
4.1
4.1
4.0
4.0
3.6
3.5
3.3
2.8

Temperature sensing equipment
Odox

l-way vs. 2-way communication
Shadow observers as agitators
Pre-occupancy processing duration
Furniture

Bathing facilities

Male - Female ratio

Training during occupancy

Late arrivals

Threat of looters

Availability of reading material
Awareness of being observed
Absence of pets

Recreation

Exercise

Storage facilities

Religious (activities)

Toc much exercise

Change of clothes

Amount of wall space vs. total space
Season of the year

Rural vs. urban population
Ethnic background

Religious background

acliaedd - -
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Summary

With the increased concern over nuclear warfare, a renewed effort
is being directed towards the study of behavior in the survival shelter
environment. One of these behaviors involves decision making. In Octo-
ber 1981, The Institute for Environmental Research at Kansas State Univer-
sity entered into a contract with the Federal Emergency Management Agency;
the title of the contract was ''Decision Making Under High Thermal Stress."
The work on this contract was planned to progress through several stages.
In the first stage, a search was to be made of the relevant literature.
The second stage involved the development of tasks that measured the
decision making process. This was to be followed by tests in simulated
survival shelter environments. Finally, strategies would be developed to
assist in decision making when this behavior suffered a decrement in
accuracy and speed. These strategies then would be incorporated into a
manual. Subsequently, the effectiveness of decision-making training would
be determined.

Because the thermal constituent of the environmeht was too limited,
we expanded our goal to include the stressors of temperature, crowding,
air quality, food and water restriction, reduced illumination, and electrical
power and sleep disturbances; in particular, the effects of these stressors

will be intensified when the occupants are under severe emotional stress.

Decision Making

To handle the decision making aspects, four experts in the field
served as either co-investigators or consultants; they identified 16
components of the decision making task.

Since there is no single instrument to measure decision making skills,
tasks to measure these 16 components have either been identified or are
being developed. When this is completed, the components will be combined
into a single test battery. When this is completed, it will be used in
the survival shelter simulation phase. This will be completed by the end

of the second year of the project.

Corollary Efforts
The Personal Ventilating Kit (PVK) consists of a bicycle-type device
which when pedaled by an individual may be used to ventilate a survival

shelter. The PVK was developed before the commercial development of the




nickel-cadmium re-chargeable dry cell battery which is so common-place

today. As a result, we are developing a device which can be incorporated
into the PVK unit that will charge nickel-cadmium batteries at the same
time as the shelter is being ventilated.

A second corollary program is also planned. At present, 10 square
feet per person is being alloted to each shelter occupant. This area

is fixed, regardless of the number of occupants involved. Current research,

however, has addressed the question of subject density (number of individuals

per unit of space) as opposed to social density (the number of people in
the group in question). In terms of the survival shelter the question that

is generated is "does 10 sq. ft. per person for 20 people represent the

same amount of crowding as 10 sq. ft. per person when 200 people are involved?"

Beyond the intuitive ''mo" answer to this question, other problems may
surface. These involve performance, group pressures, leadership and
attitude. In the corollary effort, social density and spatial density
will be addressed as stressors that may affect decision making.

This report presents the results of the literature search; it contains
an annotated bibliography of the research on the effects upon behavior of
the stressors of temperature, crowding, sleep disturbances, panic, stress,
and anxiety. In several searches of the literature a total of 900 articles
were identified; from these 113 were selected as being critical to under-
standing the human response in the survival shelter environment. These
together with 36 studies on fallout shelters are reviewed.

In addition, a survey was conducted which identified 93 problem areas
for the survival shelter occupant. These fell equally into three main

categories: survival shelter, personal, and enviromment.
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